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General remarks. Dichloromethane was freshly distilled from calcium hydride; THF and toluene were distilled from sodium under an argon atmosphere. Melting points were determined on a digital melting point apparatus and temperatures and are uncorrected. 1 H NMR and 13 C NMR spectra were recorded on a Bruker AM-400 spectrometer. Infrared spectra were recorded on a Perkin-Elmer PE-983 spectrophotometer with absorptions in cm −1 . Flash column chromatography was performed on 300-400 mesh silica gel. For thin-layer chromatography (TLC), silica gel plates (Huanghai GF254) were used. Elementary analysis was taken on a Carlo-Erba 1106
analyzer. Mass spectra were recorded by ESI, and HRMS were measured on a HP-5989 instrument.
Synthesis of NHC-Pd(II) complex 7 and NHC-Au(I) complex (S)-6a
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Synthesis of compound (S)-1a
6,6'-Dimethoxybiphenyl-2,2'-diamine (244.1 mg, 1.0 mmol) and AcOH (0.6 mL, 10 mmol) in 10 mL of dried CH 2 Cl 2 was treated with acetic anhydride (104 µL, 1.0 mmol) at 0 °C, and the resulting solution stirred overnight at room temperature. Aqueous NaOH solution (2.0 N) was added to adjust the pH to ≈ 7. The reaction mixture was extracted by CH 2 Cl 2 (3 x 50 mL) and the combined organic phases were washed with saturated brine and dried over MgSO 4 . The solvent was removed under reduced pressure and the crude product was purified by flash chromatography (ethyl acetate/hexane = 2/1) to afford (S)-1a as a white solid in 56% yield 
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Synthesis of compound (S)-3a
A mixture of (S)- 
S7
Synthesis of compound (S)-4a
Compound ( 
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Synthesis of compound (S)-5a
Compound (S)-4a (193.6 mg, 0.50 mmol) and CH 3 I (0.60 mL, 10 mmol) in CH 3 CN (4.0 mL) were stirred under reflux for 5 h. After cooling to room temperature, the volatiles were removed under reduced pressure and the obtained solid compound (S)-5a (264.6 mg, 100%) used in the next reaction without further purification. MS (ESI) m/e: 402.2 (M + -I, 100).
Synthesis of NHC-Pd(II) complex 7
Compound 
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Synthesis of NHC-Au(I) complex (S)-6a
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Synthesis of (S)-8
4.0 M HCl 10 mL was added to a solution of (S)-4a (967.9 mg, 25.0 mmol) in 50 mL of EtOH, and then heated under reflux for 10 h. The resulting solution was cooled to room temperature and 2.0 N aqueous NaOH solution added to adjust the pH to ≈ 7. The reaction mixture was extracted by CH 2 Cl 2 (3 x 20 mL) and the combined organic phases were washed with saturated brine and dried over MgSO 4 . The solvent was removed under reduced pressure and the crude product purified by flash chromatography (ethyl acetate/hexane = 2/1) S12 to afford (S)-8 as white solid in 98% yield (845.6 mg, 24.5 mmol 
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Synthesis of (S)-4b
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Synthesis of (S)-5b
Compound (S)-4b (222.6 mg, 0.50 mmol) and CH 3 I (0.60 mL, 10 mmol) in CH 3 CN (4.0 mL) were stirred under reflux for 8 h. After cooling to room temperature, the volatiles were removed under reduced pressure and the solid obtained (S)-5b used for the next reaction without further purification. MS (ESI) m/e: 460.2 (M + -I, 100). 
Synthesis of NHC-Au(I) complex (S)-6b
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Synthesis of (S)-1c
Adamantane 
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Synthesis of (S)-2c
